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Abstract  
Magnetic nanoparticles were synthesized by simple co-precipitation method in aqueous medium. The structural characteristics of 
the powders were studied by XRD and the sizes of nanoparticles were measured with dynamic light scattering. The prepared 
magnetic nanoparticles were about 43 nm in diameter and were then subsequently incorporated into a chitosan and poly (vinyl 
alcohol) cryogel and applied to immobilize the horseradish peroxidase through covalent binding method (MNP-CS-PVA-HRP 
cryogel microbar). The MNP-CS-PVA- HRP cryogel microbar was applied for the detection of hydrogen peroxide. The 
horseradish peroxidase can catalytically oxidize the substrate of hydrogen peroxide and o-dianisidine, generating blown colour 
that are proportional to the concentrations of hydrogen peroxide. The results showed that the absorption values at 430 nm 
increased with the hydrogen peroxide concentrations ranging from 10-1,000 mM. The immobilized horseradish peroxidase on 
magnetic nanoparticles retained enzyme activity up to the 10th reusable. The proposed approach confirmed that the magnetic 
nanoparticles not only possessed enzyme activity but also showed potential application in varieties of simple, robust, and cost-
effective analytical methods in the future. 
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1. Introduction 
     Over the past few decades, nanoparticles have much interested due to their own advantages such as high surface 
area, excellent in chemical, physical and biological properties [1-2]. A variety of nanoparticles with different 
materials such as gold [3], silver [4], titanium oxide [5] and magnetic nanoparticles [6] have been applied in many 
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scientific fields. Among the various nanomaterials, magnetic nanoparticles have been rising as a significant useful 
material for variety applications. Firstly, magnetic nanoparticles have a very large surface-to-volume and good 
biocompatibility [2]. Moreover, the magnetic nanoparticles are especially used for concentration, separation, 
purification and identification of interested analyst [7-8]. The magnetic nanoparticles were synthesized in several 
forms mostly includes Fe3O4 (magnetite), D-Fe2O3 (hematite), J-Fe2O3 (maghemite), FeO (wustite), H-Fe2O3 and     
E-Fe2O3, among which magnetite and maghemite are popular candidates since its biocompatibility have already 
applications in biotechnologies [9]. Magnetic nanoparticles were widely applied for immobilization of enzyme [10], 
immunoassay [11], bioseparation [12] and biosensor [13]. Magnetic nanoparticles have a wide promise to 
immobilize enzyme on its surface not only to perform better than conventional bulk supports used in enzyme 
immobilization but also faster separation by external magnetic field which resulting in immobilized enzyme could 
be reused. Various attempts have been made to immobilize enzyme on magnetic nanoparticles with different 
methods including using layer-by-layer [14], electrostatic force [15] and covalent binding [16]. Recently, Kuo and 
co-workers have been used the Fe3O4-chitosan nanoparticles for the immobilization of lipase via covalent method. 
The results found that, after twenty repeated uses the immobilized lipase retains over 83% of its original activity 
[17]. 
In this work, we synthesized magnetic nanoparticles (MNP) and were incorporated into a chitosan (CS) and poly 
(vinyl) alcohol (PVA) cryogel (MNP-CS-PVA cryogel microbar). This magnetic-CS-PVA cryogel was applied for 
immobilization of horseradish peroxidase (MNP-CS-PVA-HRP cryogel microbar) for hydrogen peroxide detection. 
To our knowledge, this MNP-CS-PVA-HRP cryogel microbar is used for the first time as a support material for 
enzyme immobilization. As shown in Fig. 1, horseradish peroxidase was covalently immobilized on MNP-CS-PVA 
cryogel microbar by using gultaraldehyde as a crosslink agent.  In the presence of hydrogen peroxide, o-dianisidine 
was oxidized by horseradish peroxidase resulting in the color change to blown color [18]. The absorbance value of 
the colorful products is proportional to the concentration of the hydrogen peroxide. 
 
2. Experimental 
 
    2.1. Chemicals and reagents 
 
All chemicals used in this study were of analytical grade. Iron (II) chloride and iron (III) chloride were purchased 
from POCH SA, Poland. Chitosan with low molecular weight and 75% deacetylation degree, acetic acid, sodium 
hydroxide (NaOH), 30% hydrogen peroxide solution, poly (vinyl) alcohol (PVA, 87-90% hydrolyzed), o-dianisidine 
and horseradish peroxidase (HRP; EC 1.11.1.7) were obtained from Sigma-Aldrich. Glutaraldehyde was purchased 
from Fluka. All solution was prepared with high purity water. 
 
    2.2. Instrumentation 
 
 The size measurements of magnetic nanoparticles were done with dynamic light scattering (DLS, Delsa nano C 
Particle Analyzer, USA). XRD study was carried out by using X-ray diffractometer (X’Pert PRO, PANalytical) for 
structural characterization of magnetic nanoparticles. The absorbance measurements were carried out by using a 
UV-1601 UV-visible spectrophotometer (SHIMADZU, Japan) with a 10 mm path length quartz cuvette sub-micro 
(16.40/Q/10 Starna, USA).  
 
    2.3. Synthesis of magnetic nanoparticles 
 
     The magnetic nanoparticles were prepared by co-precipitating of Fe2+ (FeCl2. 4H2O) and Fe3+ (FeCl3. 6H2O) ions 
in base solution with nitrogen  gas as the protective gas. Briefly, the 0.3 mmol ferric and 0.6 mmol ferrous salts 
(molar ratio 1:2) were dissolved in deionized water and were then mixed under nitrogen gas at 90 ºC. Then 2.5 M 
NaOH was added into above mixture solution with vigorous stirring for 30 min. The black precipitates were formed 
and were separated by magnetic decantation. Finally, the precipitates were washed with deionized water to remove 
excess base and were dried at 80 ºC for 3 h. There resulting magnetic nanoparticles were characterized with dynamic 
light scattering and X-ray diffractometer. 
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    2.4. Preparation of MNP-CS-PVA-HRP cryogel microbar 
 
Firstly, The PVA was dissolved in ultrapure water (90 ºC) a final concentration of 0.3% w/v and was stirred for   
1 h and left to cool at room temperature. Next step, resulting PVA solution was mixed with 2% w/v chitosan.  After 
that, 0.1 g of synthesized magnetic nanoparticles and 2.5% glutaraldehyde were added to above solution with 
vigorous stirring for 30 min and were than incubated in ice bath for 5 min. This composite was poured into the 
template and kept at 0 ºC for 12 h. Then, the frozen gel was removed from the template and left it at room 
temperature for 10 min. After that, the 2.5% glutaraldehyde was added and was incubated as for 30 min to coupling 
with enzyme. Finally, 2 mg/ml HRP enzyme was added to resulting cryogel with incubated at 4 ºC for overnight to 
obtain MNP-CS-PVA-HRP cryogel microbar. 
 
    2.5. Detection of hydrogen peroxide by MNP-CS-PVA-HRP cryogel microbar 
 
The procedures of the assay are as follows (Fig. 1): First, a piece of the MNP-CS-PVA-HRP cryogel microbar 
(0.5 cm ×0.5 cm) was placed in a vial. Then aliquots of 50 μl of hydrogen peroxide and o-dianisidine were added 
into a vial containing MNP-CS-PVA-HRP cryogel microbar and were incubated for a few min. Subsequently, 
brown solution was obtained and was monitored the absorbance at a wavelength of 430 nm with a UV-visible 
spectrophotometer. 
 
 
Fig. 1 Schematic illustration of the MNP-CS-PVA-HRP cryogel microbar procedure for the detection of  
hydrogen peroxidase. 
 
3. Results and discussions 
 
    3.1. Characterizations of magnetic nanoparticles 
 
     Fig. 2 shows the synthesized magnetic nanoparticles by co-precipitation method. The results found that the 
magnetic nanoparticles showed magnetism property with can be isolated from solution by external magnet. 
 
 
 Fig. 2 The photograph of magnetic nanoparticles. 
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     The results of the characterizations of magnetic nanoparticles were shown in Fig. 3. The size of magnetic 
nanoparticles was measured by dynamic light scattering technique. The magnetic nanoparticles are shown in       
Fig.  3A. From this figure, magnetite nanoparticles are well dispersed. The nanoparticles are narrow size distribution 
with a mean average size of 43 nm. The XRD results were used to confirm the structural of the magnetic 
nanoparticles as in fig.3B. It shows the XRD pattern of magnetic nanoparticles. The characteristic peaks presented at 
2T = 30 36q, 43q, 53q, 57q, 63q, and 74q for synthesized magnetic nanoparticles (Fig. 3B (a)), which were 
correspond to the XRD pattern of standard magnetite from the database (ICSD collection code: 084611) (Fig. 3B 
(b)). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
          Fig. 3 Characterizations of magnetic nanoparticles; dynamic light scattering result (A) and XRD pattern 
results (B) of synthesized magnetic nanoparticles (a) and standard XRD pattern of magnetite (b) 
 
    3.2. Characterizations of MNP-CS-PVA-HRP cryogel microbar 
      
     Fig. 4A shows the constructed MNP-CS-PVA-HRP cryogel microbar with a diameter of 0.5 cm. and 0.5 cm. 
long. The incorporation of the magnetic nanoparticles in cryogel helped to separate the MNP-CS-PVA-HRP cryogel 
microbar from solution by external magnet to reuse for next experiment (Fig. 4B). Then the activity of this MNP-
CS-PVA-HRP cryogel microbar was studied by adding hydrogen peroxide and o-dianisidine.  As shown in Fig 4C, 
after the reaction the blown color was obtained leading to absorbance of this solution reached to 0.4 at the maximum 
wavelength of 430 nm indicating successful incorporation of HRP molecules in MNP-CS-PVA cryogel microbar. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 The photograph of MNP-CS-PVA-HRP cryogel microbar with the size of 0.5 cm×0.5 cm (A), 
 MNP-CS-PVA-HRP cryogel microbar held in place by an external magnet (B) and UV-vis spectrum obtained from 
adding 1 M of hydrogen peroxide and o-dianisidine (C). 
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    3.3. Optimization of composition of MNP-CS-PVA-HRP cryogel 
The ratio of PVA to chitosan can affect the amount of HRP in cryogel microbar which was optimized. As 
shown in table 1, the absorbance value increased with the increasing ratios of 1: 1, 1: 2, 1: 3 and 1: 4 because higher 
amount of HRP on cryogel microbar via amine group of chitosan. Therefore, the ratio of 1:4 was selected as the 
optimal ratio of PVA to chitosan for further experiments. 
 
    Table 1. The study of the ratio of PVA to chitosan in cryogel. 
 
 
 
      
 
 
    3.4. Study the effect of pH on hydrogen peroxide detection 
 
     The optimum pH values of 0.1 M phosphate buffer were studied ranging from 5.00 to 8.00.  According to Fig. 5, 
the maximal absorbance value was achieved at pH of 7.00. However, the activity decreased sharply when the pH 
value was above 7.00, which might be caused by the denaturation of HRP at such pH value. Accordingly, pH 7.00 
was selected for use in subsequent experiments for detection of hydrogen peroxide.  
 
 
Fig. 5 The effect of pH.  
 
    3.5. Application of MNP-CS-PVA-HRP cryogel microbar for the detection of hydrogen peroxide  
 
     The MNP-CS-PVA-HRP cryogel microbar was evaluated for the hydrogen peroxide detection at difference 
concentrations. As shown in Fig. 6, the absorption values at 430 nm increased with the increase of the hydrogen 
peroxide concentrations in the range of 10–1,000 mM. This result indicated that the MNP-CS-PVA-HRP cryogel 
microbar might have the potential application for analysis of hydrogen peroxide. 
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Fig. 6 Calibration curve for determination of hydrogen peroxide by using MNP-CS-PVA-HRP cryogel  
microbar. 
 
    3.6. Reusability MNP-CS-PVA-HRP cryogel microbar 
 
     The possibility of the reuse MNP-CS-PVA-HRP cryogel microbar for successive activity measurements was 
investigated. Each experiment, the MNP-CS-PVA-HRP cryogel microbar was seperated from the solution by using 
external magnet and was the washed with distilled water. The results found that, the MNP-CS-PVA-HRP cryogel 
microbar can be reused up to 10 times without any significant loss of enzyme activity. Thus, the magnetic 
nanoparticles were successfully applied for the construction of MNP-CS-PVA-HRP cryogel microbar.  
 
4. Conclusions 
 
     In this work, we described the fabrication MNP-CS-PVA-HRP cryogel microbar by incorporating magnetic 
nanoparticles and HRP into PVA and chitosan cryogel for the detection of hydrogen peroxide. It exhibited high 
sensitively to hydrogen peroxide. Additional, it can be reused up to 10 times resulting in cost effective chemical 
analysis.  
Acknowledgements 
This work was supported by Research and Researchers for Industries (RRI). The authors also thank Polymer 
colloid Lab for support on dynamic light scattering instrument and Department of Chemistry and Department of 
materials and metallurgical engineering, Rajamangala University of Technology Thanyaburi for support on X-ray 
diffractometer. 
References  
[1] Farre M, Sanchis J, Barcelo D. Anaysis and assessement of the occurrence, the fate and the behavior of nanomaterials in the environment. 
Trend Anal Chem 2011;30:515-27. 
[2] Teresa A. P. Sensors and biosensors based on magnetic nanoparticles. Trend Anal Chem 2014;62:28-36. 
[3] He J. L, Tian Y. F, Cao Z, Zou W, Sun X. An electrochemical immunosensor based on gold nanoparticle tags for picomolar detection of  
      c-Myconcoprotein. Sens. Actuator, B 2013;181:835- 41.  
[4] Devi R, Batra B, Lata S, Yadav S. A , Pundir C. S. Method for determination of xanthine in meat by amperometric biosensor based on silver 
nanoparticles/cysteine modified Au electrode. Process Biochem 2013;48:242-49. 
[5] Zhang S, Ma H, Yan L, Cao W, Yan T, Wei Q, Du B. Copper-doped titanium dioxide nanoparticles as dual-functional labels for fabrication 
of electrochemical immunosensors. Biosens Bioelectron 2014;59:335-41. 
[6] Nourani S, Ghourchian H, Boutorabi S. M. Magnetic nanoparticle-based immunosensor for electrochemical detection of hepatitis B surface 
antigen. Anal Biochem 2013;441:1-7. 
[7] Sahoo B, Sahu S. K, Pramanik P. A novel method for the immobilization of urease on phosphonate grafted iron oxide nanoparticle. J Mol 
Catal B: Enzym 2011;69:95-102 
[8] Mirabi A, Dalirandeh Z, Rad A. S. Preparation of modified magnetic nanoparticles as absorbent for the preconcentration and determination of 
cadmiumions in food and environmental water samples prior to flame atomic absorption spectrometry. J Magn Magn Mater 2015;381:138-44. 
0
0.1
0.2
0.3
0.4
0.5
0.6
0 100 200 300 400 500 600 700 800 900 1000
A
bs
or
ba
nc
e 
Concentration (mM) 
254   Thidarut Laochai et al. /  Energy Procedia  89 ( 2016 )  248 – 254 
[9] Wu W, He Q, Jiang C. Magnetic Iron Oxide Nanoparticles: Synthesis and Surface Functionalization Strategies. Nanoscale Res Lett 
2008;3:397-415.  
[10] Li Y, Chen Y, Xiao C, Chen D, Xiao Y,  Mei Z. Rapid screening and identification of  D-amylase inhibitors fromGarcinia xanthochymus 
using enzyme-immobilized magneticnanoparticles coupled with HPLC and MS. J Chromatogr B 2014;960:166-73. 
[11] Kim S, Lim HB. Chemiluminescence immunoassay using magnetic nanoparticles with targeted inhibition for the determination of 
ochratoxin. Talanta 2015;140:183-8. 
[12] Chen J, Lin Y, Jia L. Preparation of anionic polyelectrolyte modified magneticnanoparticles for rapid and efficient separation of 
lysozymefrom egg.  J Chromatogr A 2015;1388:43-51. 
[13] Devi R, Pundir C. S. Construction and application of an amperometric uric acid biosensorbased on covalent immobilization of uricase on 
iron oxidenanoparticles/chitosan-g-polyaniline composite film electrodepositedon Pt electrode. Sens Actuators, B 2014;193:608-15. 
[14] Zhuo Y, Yuan PI, Yuan R, Chai YQ, Hong CL. Bienzyme functionalized three-layer composite magnetic nanoparticles for electrochemical 
immunosensors. Sens. Actuator, B 2009;30:2284-90. 
[15] Bahrami A, Hejazi P. Electrostatic immobilization of pectinase on negatively charged AOT-Fe3O4 nanoparticles. J Mol Catal B: Enzym 
2013;93:1-7. 
[16] Soozanipour A, Taheri K. A, Isfahani A. L. Covalent attachment of xylanase on functionalized magnetic nanoparticles and determination of 
its activity and stability. Chem Eng 2015; 270:235-43. 
[17] Kuo C. H, Liu Y. C, Chang C. M, Chen J, Chang C, Shieh C. J. Optimum conditions for lipase immobilization on chitosan-coated Fe3O4 
nanoparticles. Carbohydr Polym 2012;87:2538-45. 
[18] Graf E and Penniston J. T. Method for determination of  hydrogen peroxide with its application illustrated by glucose assay. Penniston Clin 
Chem1980;26:658-60. 
